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Abstract 
In modern assembly lines, humans and robots coexist and collaborate for the execution of complex tasks. The sequence and the assignment of 
tasks to suitable resources, constitute a technological challenge. For the collaboration of humans and robots, in a single assembly station, a 
common modelling language is required. This paper examines the way that resource capabilities of both humans and robots could be described, 
by the same modeling language, including common attributes for the various types of resources. There is a presentation of a methodology that 
matches task requirements with the existing resources. The proposed methodology is tested for the generation of alternative scenarios in an 
industrial pilot case. 
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1. Introduction 
Assembly operations are considered being among the most 
intensive and costly processes in manufacturing lines. This is 
mainly due to the variability of the part’s features and the 
complexity of the tasks; the problem becomes even more 
complex when the demand fluctuation, in terms of volume and 
product types, is also considered [1]. For several decades 
manufacturers have been struggling to address these issues 
with the utilization of conventional manual or automated 
assembly lines [2]. As a consequence, engineers started 
investigating solutions, involving the design and deployment 
of hybrid stations in order for a balance among investment 
costs, batch size and flexibility to be achieved [3]. Hybrid 
(symbiotic) systems can be more flexible in terms of changing 
batch sizes, for instance, during the ramp-up of a new product, 
by either adding or removing automated stations. However, 
hybrid systems are harder to plan when different orders or new 
products are to be dispatched. Towards this direction, new 
approaches have been developed to address the needs of 
symbiotic environments. The key objective of these approaches 
is to enable the utilization of robots in assembly workstations 
in cooperation with human workers [4]. In general, robotic 
systems consist of robots and human operators that cooperate 
symbiotically in a (smart) environment for performing a task 
[5]. In a symbiotic workplace, where the assembly tasks may 
be assigned to either humans or robots, it is essential that the 
assembly be represented in a way that all the information 
required is available and meaningful for both the worker and 
the robot. In order for a final product to be assembled, there are 
usually several assembly steps – tasks considered. Typically, 
for each task, a set of one or more suitable resources are 
available comprising both robots and humans. When a resource 
is assigned to a specific task, information regarding the type of 
the part, its location, the tools to be used, etc. should be readily 
available. 
1.1. Task description modelling 
A basic prerequisite for the realization of symbiotic 
environments is the explicit definition of tasks [1]. In literature, 
a variety of representations of robot assembly tasks can be 
found, with the utilization of high level language being a 
common practice. Simmons and Apfelbaum [6] developed a 
Task Description Language TDL, which constitutes an 
extension of C++ that facilitates the creation, synchronization, 
and manipulation of task trees. Tasks are defined in a manner 
similar to C++ functions. Pineda et al [7] introduced a robot 
task description language over ProLog, where the tasks were 
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represented as a set of Dialogue Model (DM) types, combined 
with a set of DM situation types. Mårdberg et al.[8] 
implemented a formal high level language that describes 
human assembly tasks of a human motion planning. In an 
earlier study, Tenorth [9] conceived the idea of a framework 
that enabled the representation of the robot tasks, based on 
spatial information. The aforementioned idea was enhanced in 
[10][11] proposing an ontological representation of robot 
actions, implemented in the Web Ontological Language OWL 
and integrated within a knowledge processing system. 
The increasing level of complexity of modern robots, 
operating in modern manufacturing lines, impose on the 
development of new methodologies for robot instruction being 
accessible to non-experts [12].To this effect,  Stenmark and 
Nugues [13] presented a natural programming language for 
robot task and sensor descriptions that Stenmark and Malec 
[14] further extended, by utilizing a semantic parser for the 
production of  a set of predicate-argument structures from input 
sentences. Meanwhile, Marco et al [15] proposed the 
Hierarchical Task Network planning to enable the instantiation 
of task execution plans, having derived from abstract task 
descriptions. The aforementioned studies address issues with 
reference to the task descriptions of numerical control devices. 
However, those strategies do not take  into consideration the 
task description concept that would enable its execution by 
either humans or robots. 
1.2. Resource description models 
Resource models are required to describe capabilities of 
resources being available in a production system. Currently, 
every machine tool and auxiliary device manufacturer 
promotes their own resource data models, which, however, turn 
to be incomplete when it comes to representing the entire 
system’s resources. The representation of resources is vital for 
the extraction of efficient and economic manufacturing 
decisions. These decisions are dependent on the information 
related to manufacturing resources. In the case of symbiotic 
workplaces, decisions have to be taken about the assignment of 
a specific task to a worker or a robot. For this reason, all 
relevant resources need to be modeled in the same way. 
Unified manufacturing resource models have been proposed 
in the past but the workers were not taken into consideration 
[16]: a Manufacturing resource hierarchy model has been 
proposed for the classification of  manufacturing resources by 
using web service technologies. The model is used to providing 
a universal information description, encapsulating the 
manufacturing resources and granting standard access policies 
to resource nodes. However, this model has not been validated 
in the areas of job management and the assignment of tasks to 
resources. Additionally, machine tool capability profiles have 
been proposed in order to optimize the generation of the 
process plan, by developing appropriate solutions for the 
existing hardware and software. This kind of models has been 
primarily proposed to be used with machine tools [17]. Object 
oriented manufacturing resource modelling has been proposed 
for adaptive process planning: such models often focus on 
machining operations having taken  into consideration shape, 
dimension, precision, surface finish and position as well the 
resources’ orientation capabilities (machine tools, fixtures, 
tools) [18]. Empirical models have also been used for the 
definition of the relationships among distinct manufacturing 
capabilities. In [19], the capabilities are of a higher level, and 
are related to the output of the manufacturing system (Quality, 
Delivery, Flexibility, and Cost). 
The Agent Modelling Language (AML) is a semi-formal 
visual modelling language for specifying, modelling and 
documenting systems that incorporate features, drawn from 
multi-agent systems theory [20]. The AutomationML intends 
to enable interoperability among the different engineering tools 
of the digital tool chain for planning automation equipment. 
The AutomationML does not build upon a new data format but 
combines the existing ones. It is specified as an extension to 
UML 2.0 in accordance with major OMG modelling 
frameworks, whilst the most significant motivation driving the 
development of AML was the need for a ready-to-use, 
comprehensive, versatile and highly expressive modeling 
language, suitable for the development of commercial software 
solutions, based on multi-agent technologies. The used root 
format is CAEX IEC62424. It is used to describing the 
topology of automation equipment and also to making 
reference to other data formats. At present, COLLADA is also 
supported for the description of geometric and kinematic 
information, while PLCopen XML is supported for describing 
the control behavior. Thanks to CAEX IEC62424, there are 
other formats for a different type of information that can be 
added at any time. AutomationML defines standard interface 
classes and role libraries. To support the product-process-
resource view, the AutomationML defines its own role classes 
for all three perspectives [6]. As an example, this enables the 
resource’s “Robot1” assignment to a process “Pick”. 
Therefore, in the case of resources, the roles are somehow 
similar to those of the device profiles that have a certain 
function. Through inheritance, abstract role descriptions can be 
concretized until a real component, for instance, a specific 
robot with a particular configuration, is described. 
Nevertheless, the AutomationML does not support the 
description of the various components’ capabilities. This is 
required for the creation of complex collections of capabilities 
for both human and robots.  
In parallel to the development of AutomationML the 
Semantic Web Initiative introduced RDF (Resource 
Description Framework) and OWL (Web Ontology Language). 
RDF is used to formally describing any information provided 
about objects (resources) that have a unique identifier (URI) 
using triples. Triples contain a subject, a predicate and an 
object. An example of a triple is “Gripper1 attached to Robot1”. 
Many triples together form a graph. OWL is based on the RDF 
syntax, but has much more expressiveness that facilitates the 
creation, publishing and distribution of ontologies. OWL-S is 
an OWL-based ontology for the description of web services. 
Three aspects of OWL-S are interesting in the context of this 
paper: OWL-S describes the functionality of a web service, 
based on its input data, output data, preconditions and effects 
(IOPEs); OWL-S is based on a process model that uses 
abstract, atomic and composite processes and is very similar to 
the skill concept [21]. OWL-S describes the service grounding 
of the abstract service model, called connection, with a specific 
communication protocol [22][23]. 
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1.3. Resource assignment 
Robotic equipment has found application in a broad range 
of assembly systems, specifically to the assembly lines of the 
automotive, electronics, rubber/plastics and metal/machinery 
industrial sectors [24]. The robots’ intrinsic characteristics, 
such as high accuracy, speed repeatability, strength and 
reliability have enabled the production firms to invest in large 
scale installations that can work around the clock with minimal 
intervention [25]. Nevertheless, technological limitations of 
technical systems impose the contribution of human operators 
into the process, providing support to the system [26]. 
The development of such complex systems and the variation 
of production conditions have led to new problems [27]. A 
plethora of such problems have been also extensively analyzed 
by researchers [28] [29] [30] [31]; problems such as conflicts 
between process planning and scheduling, unbalanced 
resources, in the production line and the selection of the 
suitable resource, with respect to the given conditions [32]. In 
response to these problems, a holistic approach of process 
planning and scheduling is introduced by Chryssolouris and 
Chan [33]. Some earlier works of integrated process planning 
and scheduling (IPPS) had been summarized in Phanden et al. 
[34].  
This paper examines how the capabilities of both humans 
and robots could be described by the same modeling language, 
including common attributes for every resource type. The 
proposed uniform model is presented in the frame of an 
industrial case scenario, involving a hybrid assembly station, 
where alternative process plans are generated. 
2. Approach 
The structure of the proposed approach, which is based on a 
Unified Task Description (UTD) model, is capable of 
providing the means of specifying the assembly processes, the 
available resources and their capabilities. The UTD is 
structured in such a way so as to support the identification of 
the suitable resources, a function, which is presented in the 
context of this study. The overview is given through a 
simplified entity-relationship diagram (Fig. 1), showing the 
way that the different entities are related to each other. A series 
of class diagrams are further presented in order to provide more 
details regarding the proposed modelling approach. 
2.1. Model overview 
The model accommodates the information with reference to 
the design and planning of the production. It consists of two 
distinct areas that enable the correlation between the resources 
and the process in an assembly cell. There is a four level 
hierarchy provided for the description of the process, enabling 
the association of resources and their capabilities at different 
levels. Each resource can be either a robot or a human that 
utilizes various tools, providing a set of capabilities that derive 
from Resource-tool unions. Capability is a formal description 
of the resource’s ability to perform a “High level” task and it 
could be assigned to two different tiers of the process hierarchy 
a) in a Task as a required capability and b) on a Resource as a 
provides capability. 
 
 
Fig. 1. : Ontology overview diagram. 
2.2. Uniform task description model 
The Bill of Processes (BOP) is the main entity of the UTD 
that is connected with the data related to the Bill of Materials 
(BOM). The product’s structure is described through a self-
composition, where a part could be either single or it could be 
composed of other parts, enabling the description of 
subassemblies. This structure does not consider the description 
of the product’s different variants. In each container, all of the 
part’s standard information , such as reference frame (XYZ), 
rough dimensions (box) and the related CAD file, is held. 
 
 
Fig. 2. Bill of Material Class diagram. 
Four (4) different task types are defined to facilitate the 
flexible partitioning of processes and to accommodate various 
assembly products. Plan is the root of BOP that univocally 
represents a set of required actions that have been thought of as 
a series of processes to obtain a product. The Process class 
enhances the Plan class and provides further information 
regarding the required production steps for the accomplishment 
of the Plan at a “High level” representation. Each process could 
be aggregated by either N sub-processes or the Task class that 
is the lowest-level entity used to scheduling activities in the 
production planning stage. Finally, the Operation class is 
the lowest level in the BOP, under every task and is associated 
with the resource actions of the task performance, operated 
either by a human or a robot. 
 
 
Fig. 3. Bill of Processes class diagram. 
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2.3. Resource description model 
The Resource class represents a particular instance of a 
physical resource being available at the shop floor. The 
ResourceType defines the type of the resource, whether it 
is human or robot. Usually, for the realization of an operation, 
a tool has to be attached to the resource, thus, it is necessary 
that the ResourceInterface class, called Resource 
Configuration, be defined for the facilitation of the union’s 
uniform representation, between the different kinds of 
resources (human or robot) and the various tools. . 
 
 
Fig. 4. Bill of resources class diagram. 
The sum of all available resource constitutes the Bill Of 
Resources (BOR) being available at the shop floor. For 
simplicity reasons, the resource model does not require an 
explicit description of the resource and it provides a mean for 
the combination of  resources and tools. The description of 
resources derives from the capabilities of both resources and 
tools for the performance of a task. 
2.4. Resource mapping 
Initially, the system checks if the specific resource has the 
required payload to handle the weight of the part as derived 
from the BOM. In a similar way, the tool’s adequateness to 
handle the part is also examined. From the configuration of the 
pool resources capable of handling the parts, a final selection is 
made based on the skills formed when a resource and a tool are 
combined together. Hence, the concept of “capabilities” is 
introduced in order to match the Resources with the Tasks. 
Specifically, the class Capability provides information 
about the resources’ ability to perform specific tasks. The list 
of capabilities derives from the technological features of both 
the resource and the attached tool and each combination 
provides different lists of capabilities. The association of the 
capabilities and the task description model facilitates the 
functionality of the generation of the suitable resources for each 
task. 
Capability associations with both Task and 
Resource are presented in Fig. 5 by two types of self-
associations, namely an aggregation and a composition. The 
layered structure of the Capabilities could explicitly describe 
the abilities of the resources by considering the uniform 
representation of both humans and robots’ capabilities. 
 
Fig. 5. Resource-Task mapping class diagram. 
The pool of suitable resources, per task, consists of various 
alternatives. Each alternative is a unique assignment of 
Resources to Tasks, where the performance of each one varies 
according to the selected alternative. For the evaluation of the 
number of alternatives, several manufacturing related criteria 
are introduced and are summarized in Table 1. 
Table 1. Performance criteria. 
ID Performance 
criteria 
Description 
1 Operating cost  Operating costs are the expenses, which are related 
to the operation time of a device, component, piece 
of equipment or facility.  
2 Availability Availability index expresses the time period that the 
resource is available for utilization. The availability 
is calculated on the basis of the Mean Time Between 
Failures and the Mean Time To Repair. 
3 Investment 
Cost  
The Investment Cost Index takes into consideration 
the capital required for the inclusion of  the specific 
resource in the assembly cell. 
4 Ergonomic Ergonomic index quantifies the anatomic level of a 
task. High Ergonomic Tasks increase productivity 
due to the reduction in resource fatigue. 
5 Flexibility Flexibility is defined as a system’s ability to easily 
adapt to changes in its internal or external 
environment. 
6 Footprint Footprint of the resource is the area required by a 
resource for the performance of the Tasks. 
The user can select the proper criteria and define the weight 
of each criterion. 
3. Case study 
A demonstration scenario has been created according to the 
proposed UTD model. The demo scenario deals with the 
assembly of a Turbocharger of a EURO6 Diesel engine. The 
usage scenario is a single process plan, comprising four tasks: 
Its objective is to come up with a process plan, which would 
allow for the secure placement of the Turbocharger housing on 
a fixture, after the safety cups have been removed. 
3.1. Uniform task description 
The BOM that derives from the demo scenario is described 
following the UTD structure in Fig. 6. The BOM consists of 
the Turbocharger housing and the safety cups. 
 
 
Fig. 6. Bill of Material demo scenario. 
The Process Install Turbocharger Housing is one of several 
processes, required in the plan Assemble Turbocharger Euro 6 
and consists of four tasks. The PnM: Pick and Move, two 
parallel PnP: Pick and Place, MPC: Move and place 
cautiously TC housing on the fixture and Block TC 
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Housing. Each one of them consists of specific operations 
presented, in more detail, in the following table. 
Table 2. Case information. 
WBS Plan - Process Tasks - Operations Sequence 
1 Assemble Turbocharger EURO6 1 
1.1 Install Turbocharger Housing 1 
1.1.1  PnM Turbocharger Housing 1 
1.1.1.2   Pick Turbocharger 1 
1.1.1.3   Move Turbocharger 2 
1.1.2  PnP Safety Cap 1 2 
1.1.2.1   Pick Safety Cap 1 1 
1.1.2.2   Move Safety Cap 1 2 
1.1.2.3   Place Safety Cap 1 3 
1.1.3  PnP Safety cup 2 2 
1.1.3.1   Pick Safety Cap 1 1 
1.1.3.2   Move Safety Cap 1 2 
1.1.3.3   Place Safety Cap 1 3 
1.1.4  MPC TC Housing 3 
1.1.4.1   Move TC Housing 1 
1.1.4.2   Align TC Housing 2 
1.1.4.3   Place TC Housing 3 
1.1.4.4   Release TC Housing 4 
1.1.5  Block TC Housing 4 
1.1.5.1   Position clamping device 1 
1.1.5.2   Actuate clamping device 2 
1.1.6  Secure Screw M8-1 to TC Housing 5 
1.1.6.1   Move to tool holder 1 
1.1.6.2   Load screw driver 1 2 
1.1.6.3   Move to position M8-1 3 
1.1.6.4   Align tool to position M8-1 4 
1.1.6.5   Tighten M8-1 5 
1.1.6.6   Step Back 6 
3.2. Resources model example 
The existing resources in the demo scenario are a UR10 
Robot and a Worker. For each resource type, there exists a class 
to model each resource’s particular versions, namely the type 
of the ResourceInterface that can be used for the associated 
tools’ accommodation. Therefore, one (1) ResourceClass per 
ResourceType is defined below: 
x UR10 Robots of a Robot type 
x Worker of a Human type 
Finally, each class defines the particular instances of a 
Resource to model the individual elements taking place in the 
production cell. For instance, the worker should be defined on 
the Worker:ResourceClass. The tools required are 
explicitly defined under the class Tool, such as the Hands of 
workers, the Expansion Gripper and the Fixturing that are 
utilized in this example scenario. Examples of the associated 
instances are depicted in Fig. 7. 
 
Fig. 7. Resource description model example. 
3.3. Resource mapping module 
In the following table, the required capabilities are 
summarized as they have been identified in the demo scenario. 
Table 3. Required capabilities per task. 
Task Required Capabilities 
PnM TC Housing 
Pick and Place 
Turbocharger housing  
Handling/Internal gripping 
Moving/Rotational motion 
Moving/Continuous motion 
Moving/Point to point motion 
Sensing/Vision/2D Object 
PnP Safety Caps 
Pick and Place safety caps 
Moving/Point to point motion 
Sensing/Tactility 
Intelligence/Rationalism 
Sensing/Eyesight 
Sensing/Hearing 
Handling/External gripping 
MPC Turbocharger 
Move and place cautiously 
TC housing on the 
fixturing 
Handling/Internal gripping 
Moving/Rotational motion 
Moving/Continuous motion 
Moving/Point to point motion 
Sensing/Vision/2D Object 
Block TC Housing 
Move clamping device to a 
spesific location and 
actuate 
Fixing/clamping 
Moving/Point to point motion 
Moving/Linear motion 
For the performance of the Turbocharger housing “Pick and 
Move” task, the part should be picked by a device capable of 
grasping parts from an inner surface; therefore, the 
ExpansionGripper#1 is identified as a suitable tool. Since the 
part is attached to the gripper, various types of movements are 
necessary in order to move the attached part to a specific 
position. The resource should be able to handle the TC housing 
that weights 7.5 Kg. Thus, the Robot UR10#1 combined with 
the expansion gripper is classified as a suitable resource for the 
specific task.  
The removal of the safety caps is not an extremely precise 
task, although this task’s performance requires a combination 
of different sensing capabilities for its adaptation to the 
fluctuating parameters (Misalignments, stick slip 
phenomenon). Therefore, Worker#1-Hands union is a suitable 
resource that provides the required capabilities. 
The MPC Turbocharger’s task capability requirements are 
similar to those of the PnM task. Therefore, the UR10#1- 
Expansion gripper is considered as a suitable resource. 
The Blocking task requires keeping the Turbocharger in a 
specific orientation by using the compressor’s air inlet cavity 
to hold the part. The clamping device enables the restriction of 
the part’s rotation and both the robot and the human are able to 
perform the specific task. However, the robot cannot reach the 
clamping device in order to perform the task. Thus, the worker 
utilizing the clamping device is considered being a suitable 
resource. 
In the event of multiple suitability, arising from the 
capabilities, the final alternative is generated through the multi-
criteria depicted in Table 1. The algorithm [1] calculates the 
Utility of a full set of alternatives by considering the 
Performance criteria. Assuming that both a human and a robot 
can reach the clamping device, then the suitability will be 
obtained on the basis of their performance. The results of each 
configuration are normalized in order for the range of 
independent variables to be standardized. As it is presented in 
Table 4 the first alternative is selected since it is this alternative 
that collects the highest score. 
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The code T1 refers to Task 1: Pick and Place TC Housing 
(Table 2) and RC1 to the UR10#1(Fig. 7), similarly, all 
different assignments are represented. 
Table 4. Multi - criteria evaluation calculations(Normalized). 
Criteria 1 2 3 4 5 6 Utility 
Weight 0.3 0.2 0.3 0.1 0.1 0 
T1RC1,T2R
C2,T3RC3 
1 0 1 0 0 0 0.6 
T1RC1,T2R
C2,T3RC4 
0 1 0 1 1 1 0.4 
4. Conclusions and future work 
In this study, a framework is proposed for the identification 
of suitable resources that may carry out a specific assembly 
task. The method focuses on symbiotic cells, where humans 
and robots coexist. In order for the objectives of this method to 
be achieved, a task description model was introduced for the 
representation of information related to tasks and resources 
(human and robots). In addition, a resource description model 
was introduced for allowing the representation of resources and 
their ability to perform a task based on their physical skills. 
The method will be further extended, in order to cover the 
cases that two or more resources may work simultaneously on 
a part. Furthermore, the proposed model will be further 
extended to provide the estimation of the process time of each 
task.  
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